Visualization of enteroviral replication in myocardial tissue by ultrastructural in situ hybridization: identification of target cells and cytopathic effects.
In humans as well as in various murine models, enteroviruses are capable of inducing a severe acute and chronic myocarditis, which is characterized by myocytotoxic alterations and interstitial mononuclear infiltrates. With regard to the pathogenesis of enteroviral myocarditis, coxsackievirus B3 (CVB3)-infected immunocompetent A.CA/SnJ (H-2f) mice were used as a model to trace viral plus- and minus-strand RNA during acute and chronic organ infection by ultrastructural in situ hybridization techniques. For electron microscopic detection of enteroviral RNA in myocardial tissue, a pre-embedding hybridization technique was developed and optimized for excellent conservation of structural integrity and RNA retention. Herein, we demonstrate how the virus gains access to the myocardium during viremia involving infection of the capillary endothelial cells. In myocytes, viral replication was found to be closely associated with the generation of vesicular regions and lysis of myofibrils, resulting in complete destruction of the internal architecture of the cell. In the course of acute infection, the direct cell-to-cell spread of the virus from one myocyte to the other was found to be related with filaments of the cytoskeleton. The observation of prominent cytopathic alterations in close spatial association with viral replication before the development of the reactive cellular immune response strongly implies that the loss of host cell integrity is a direct consequence of acute viral replication. In addition to myocytes, non-heart muscle cells were found to be infected during acute as well as chronic disease. Viral replication observed in myocardial fibroblasts and immune cells such as B lymphocytes proved to be associated with minor cytopathic effects. The technique of electron microscopic in situ hybridization established for the detection of viral RNA within myocardial tissue provides a powerful tool for the elucidation of molecular and structural interrelationships in organ pathology.